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Abstract: This study proposes and demonstrates a compact synthetic aperture digital 
holographic microscope (SA-DHM) with mechanical movement-free beam scanning and 
optimized active aberration compensation. The SA-DHM system is equipped with a 
phase-only liquid crystal on silicon (LCoS) device as an active optical element to achieve 
a compact mechanical movement-free beam steering architecture with aberration 
correction. A rigorous optimization is conducted to modulate the LCoS device using the 
designed computer-generated holograms (CGH) to generate a high-quality point spread 
functions (PSF) for a wide range of scanning angles. An accurate aberration correction is 
studied with and without oil immersed conditions on microscope objective lens. The 
performance of the proposed method is analyzed with Siemens star target and the 
results show its potential capability to achieve isotropic resolution enhancement. 
1. Introduction 
Digital holographic microscopy (DHM) is a potential quantitative imaging technique used 
to study the complex natures such as phase and amplitude of the sample used [1-4]. The 
conventional DHM system suffers from the limited spatial frequency coverage imposed 
by the finite numerical aperture of the microscope objective lens used. One method to 
enhance the frequency coverage is to use synthetic aperture (SA) [5-7]. The synthetic 
aperture (SA) is achieved by superimposing the holograms of different illumination 
angles recorded in the spectral domain, so that the spatial frequency coverage can be 
expanded. The synthesized spectrum can reduce the phase noise of the holographic 
reconstructed images and enhance its spatial resolution [8-11], but the number of scans 
required is relatively large, usually several hundred digital holograms are recorded for 
enhanced resolutions [12]. Separately, the spectrum swelling during frequency 
overlapping process brings in distortion. Our previous works have introduced an inverse 
apodization for spectrum normalization to suppress the low-frequency expansion and 
enhance high-frequency components [13-15]. This method enables SA-DHM to increase 
the spatial resolution by recording only a small number of holograms.  
In a SA-DHM setup, a mechanical device, such as a galvo-mirrors, is used to steer the 
incident beam to provide illumination beam of different angles for scanning the sample. 
During the scanning, the steering deviation and vibration from the mechanical device 
will induce phase errors and noises to the holographic recording process, hence 
decreasing the spatial resolution and signal-to-noise ratio of the reconstruction image. 
Another issue in SA-DHM is the wavefront aberration originating from the optical 
system, which also affects the quality and the spatial resolution of holographic 
reconstructed image. The wavefront compensation of the aberration in digital 
holography was implemented firstly by the replacement of the actual lens into an 
interferometry system [16]. Then, a series of aberration correction methods using a 
numerical reference wavefront in DHM were demonstrated [17-20]. Moreover, a deep 
learning based aberration compensation method was proposed for fully automatic 
aberration-free and quantitative phase imaging in DHM [21]. A simple and fast 
numerical approach was demonstrated for extracting virtual background phase map 
along with subtracting the reconstructed phase image to implement the compensation 
of the objective phase curvatures [22]. In addition, the principal component analysis 
method was applied to decompose the phase map into a set of uncorrelated variables, 
thus allowing a straightforward compensation of phase aberration without the need of 
the prior knowledge of the actual setup [23]. Recently, an electrically tunable lens (ETL) 
was introduced in the reference arm to compensate all the phase distortions for 
different microscope objectives by controlling precisely the external currents of the ETL 
to change the reference wavefront, but it requires complex tuning [24] or additional 
numerical post-processing manipulations [25]. Furthermore, a spiral phase integration 
method was demonstrated to eliminate the wavefront aberration when measuring 
confluent samples, however, the acquisition of background area is challenging [26]. 
There have been several reviews on the theoretical studies of the usefulness of spatial 
light modulator (SLM) in microscope system [27, 28]. As an extension of these reviews, 
grating like patterns have been used for the limited angle scanning and aberration 
correction [29-31]. Several works with wavefront compensation of the PFS were 
reported under normal illumination conditions [32-34]. However, the scanning spot or 
the corresponding point spread function (PSF) was formed by a physical lens which 
brings in aberration.  
In this paper, we propose a mechanical-movement-free scanning system using 
programmable computer-generated holograms (CGH) displayed on a phase-only SLM. 
Without the use of physical lens, the SLM-based scanning system can generate an array 
of point spread functions (PSFs) with good quality and shifting linearity at variable focal 
distances, which is free from the aberration of physical lens and makes the system more 
compact. Meanwhile, the implications of aberration compensation have also been 
applied to the PSFs to enhance the isotropic resolution of the SA-DHM. 
2. Optimization methodology 
2.1. Working principle 
In SA-DHM imaging, the image quality is affected by the distortion of point spread 
function (PSF) as well as the wavefront aberration induced from the different incidence 
angles of illuminations. The conceptual representation of the proposed system is shown 
in Fig. 1. As shown in Fig.1, the PSFs with spatial shifts are applied to incident on the 
condenser lens for generating different angles of plane wave onto the sample. And then 
the wavefronts are collected by the detection telescopic imaging system along with 
interference with reference wave to produce digital holograms on the image sensor. The 
traditional galvo-mirror based mechanical beam steering scheme is replaced by the 
compact SLM-based beam steering architecture. For the illumination and detection 
telescopic imaging lens pair, a Zernike polynomials aberration model are applied and 
iteratively mapped to compensate for the phase aberrations. 
 
Figure 1. Conceptual representation of compact beam steering with wavefront aberration compensation 
in synthetic aperture digital holographic microscopy. 
A computer-generated hologram (CGH) consists of phase Fresnel lens is designed and 
displayed on the phase-only liquid crystal on silicon (LCoS) device. The LCoS serves as a 
SLM to modulate the incident beam to form a focused point at the focal plane of the 
phase Fresnel lens. A blazed phase grating is then added to the phase Fresnel lens to 
shift the focused point to achieve a compact beam steering architecture. For a good 
beam steering mechanism, the scanning PSF should possess three characteristics: small 
diameter, good intensity profile and no aberration even when the PSF is shifted to a 
large scanning angle. To realize this, accurate implementation of the phase Fresnel lens 
and precise phase modulation of the LCoS device are required. Under the assumption 
that, the generated scanning PSF is of good quality, then we can utilize Zernike 
polynomial aberration model to compensate for the wavefront aberration from 
different illumination angles. After the compensation process, uniform illumination 
wavefront at the sample plane can be achieved, which is important for enhancing the 
spatial resolution of the reconstructed image. The design of CGH are discussed in the 
following sections. 
2.2 Design of phase Fresnel lens   
The phase value of the Fresnel lens in x-y plane can be expressed as,   
              
 
phase value = ( x2 + y2 + z2 - z) ´ (
2p
l
)                                             (1) 
where (x,y) are the coordinates in the focal plane, z is the focusing distance, and λ is the 
working wavelength. If the calculation area is x2+y2 << z2, then Eq. (1) can be 
approximated as, 
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To calculate an appropriate phase Fresnel lens for given conditions, there are two 
important factors which need to be considered: an appropriate calculation window and 
a suitable aperture. If the calculation window is not properly set, either insufficient 
modulation or aliasing would happen. The expression used to generate a Fresnel lens 
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For example, for a green laser (λ=532 nm), if the full effective aperture of the LCoS 
device consists of N=1080 pixels (x-axis) with pixel pitch dx=6.4 µm, the minimum focal 
length is approximated to 83 mm. Focal length shorter than 83 mm will results in 
aliasing, or in other word, multiple focused points. On the other side, if the focal length 
is longer than 83mm, the phase Fresnel lens will not cover the full information, high 
frequency part will be lost. Therefore, there is a trade-off between the window 
calculation and the focal length. An appropriate combination should be carefully 
considered by satisfying Eq. (3). 
When applying the phase Fresnel lens, we also need to consider the masking effect of 
the CGH displayed on LCoS device [37, 38]. The aperture shape and profile decides the 
PSF in the hologram plane. For example, a square aperture and a round aperture will 
result in a 2D sinc function and 2D Bessel function modulated in the reconstruction 
image, respectively, as shown in Fig. 2. Considering the aperture we need, we use an iris 
diaphragm to achieve a round aperture. Due to its lever structure with blades, the 
aperture is a polygon like shape instead of a perfect circular shape, which is shown in Fig. 
2(c). For the beam steering operation, the PSF of the system is the resultant scanning 
spot. In the SA-DHM setup, a physical optical lens will be placed after the scanning PSF 
generated by the phase Fresnel lens, where the scanning spot is located at its front focal 
plane, as shown in Fig. 1. The scanning PSF serves as a point source for the physical lens 
to provide a planar illumination for the sample to be observed, and an isotropic 
intensity profile of the scanning PSF is needed for ideal uniform illumination. The 
aperture of a conventional LCoS device is rectangular, thus a round aperture is placed 
after the LCoS to generate an isotropic profile of 2D Bessel function as shown in Fig. 2(d). 
    
(a) (b) (c) (d) 
 
Figure 2. Aperture mask and its intensity profiles. (a) and (c) shows the square and circular aperture masks 
similarly (b) and (d) shows its intensity profiles. 
2.3 Optimization of the LCoS device 
To achieve accurate phase modulation, the LCoS device in use needs to be carefully 
optimized. In general, there are two characteristics needs to be optimized: first, a 3D 
look-up table compensating for nonlinear phase modulation and liquid crystal cell 
thickness variation; second, a correct driving voltage range for the working wavelength.  
First, due to the nature of liquid crystal, the phase modulation curve for a phase-only 
LCoS device is not linear, therefore, it is important to measure the phase modulation 
curve for the working wavelength and find the corresponding voltage value for each 
phase gray level. For example, to achieve 0-2π phase modulation with 256 gray levels, 
each phase gray level represents π/128, then we need to find the accurate 
corresponding driving voltage to achieve phase modulation from 0 to 2π with even 
phase step of π/128. Meanwhile, due to manufacture imperfection, the LCoS device 
may suffer from thickness variation. If we apply the same voltage to every pixel of the 
LCoS device, the non-uniform cell thickness will result in phase modulation difference 
from area to area. The measurement of phase modulation curve and thickness variation 
[39] can be achieved by measuring the first diffraction order intensity using a set of 
binary phase gratings on one small area of the LCoS device. Then the first diffraction 
order intensity is converted to phase modulation value and the modulation curve of this 
area is obtained. By repeating this measurement on other areas and interpolating the 
sampled data, we can generate the look-up tables (LUTs) for each gray level. In our 
experiment, we measure 4×3 areas on the active LCoS area and interpolate the data to 
1920×1080 LUT for each pixel, and for 0~255, each gray level has its own LUT. Then in 
total, the LUTs in need can be presented in a 1920×1080×256 matrix. 
For the LCoS device operated at phase mode, if working under green laser with 
wavelength of 532nm, the phase modulation curves for 12 different areas before 
applying the LUTs are shown in Fig. 3(a) and the curves after applying the LUTs are 
shown in Fig. 3(b). In Fig. 3(a), the grating number in x axis represents the binary 
gratings we use during 
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Figure 3. (a) Phase modulation curves at different areas of the LCoS before calibration; (b) phase 
modulation curves at different areas of the LCoS device after calibration. 
the measurement, the grating number equals the gray levels in hologram. In here, the 
phase modulation value is in a non-linear relationship with the gray level. Since there is 
thickness variation, the modulation curves suffer a divergence, where they diverge more 
significantly when the gray level is large. However, after applying the LUTs, the phase 
modulation value is in a more linear relationship with the gray level as shown in Fig. 3(b). 
The divergences between curves also decrease which indicates that the phase-only LCoS 
device were successfully optimized.  
2.4 Aberration compensation  
As mentioned before, the wavefront correction is based on Zernike polynomials 
aberration model, which can be found in Table 1. Considering the resultant wavefront 
distribution is affected by the aberration in the existing optical imaging systems, the 
wavefront distribution can be simply defined as, 











where (x,y) is the spatial coordinate, P(x,y)  is the finite aperture size of telescopic 
imaging lens pair,  and W(x,y) is the wavefront distortion. The PSF of an aberrated 
coherent imaging system hi(x,y) can be obtained by the Fraunhofer diffraction pattern 
of the exit wavefront distribution. While the exit wavefront distributions at different 
illumination angles are free from phase distortions, the corresponding PSFs at different 
angles would be composed by perfect spherical waves and phase gratings. Thus, for 
implementing the aberration-free from existing phase distortion elements, the 
wavefront compensated distribution is introduced to the SA-DHM. Then the wavefront 
propagation through the imaging system, Uc(x,y) can be described as follows, 
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Where Φ z(x,y) is the wavefront compensated for the aberration at the conjugate image 















ø÷ , q is the order of Zernike polynomial, the symbol ⊗ represents the 
convolution, hi(x,y) and hd(x,y) are the PSFs of illumination and detection telescopic 
imaging lens pair, respectively. 
Table 1. The standard Zernike polynomial aberration model representation in Cartesian coordinates. 
Polynomial order Cartesian coordinates Description 
Z0 1 Bias 
Z1 x Horizontal Tilt 
Z2 y Vertical Tilt 
Z3 -1+2x
2+2y2 Defocus 
Z4 2xy Oblique Astig 
Z5 x
2-y2 Vertical Astig 
Z6 3x
3+3xy2-2x Horizontal Coma 
Z7 3y
3+3x2y-2y Vertical Coma 
Z8 6x
4+12x2y2+6y4-6x2-6y2+1 Primary Spherical 
During the aberration compensation, the conjugated wavefront distribution Ua(x,y) is 
computed to eliminate the phase distortion. Therefore, the conjugated wavefront of the 
aberration Φ z(x,y) is supposedly diffracted to the lensless steering plane and multiplies 
with phase Fresnel lens plus grating based CGH to produce the adaptive PSF for 
aberration-free imaging. Finally, the adaptive PSFs can provide linearly spatial shift onto 
the illumination telescopic imaging lens to perform the aberration-free in different 
illumination angles and to extend the spatial frequency coverage for isotropic 
resolution-enhanced image reconstruction. Thus, the spatial frequency coverage of the 
SA-DHM system can be indicated as, 
 
                     
(6) 
 
where and is the coherent transfer function of illumination and detection 
telescopic imaging lens pair in the spatial frequency domain (u,v), the symbols m and n 
are the number of passbands for synthesis, the M and N are the number of acquisition 
for digital hologram recording and the fx,y= 𝑠𝑖𝑛 𝜃𝑠 𝜆⁄   denotes the spatial cut-off 
frequency of optical system at normal incidence and θs is the illumination angle. 
A spoken target with 40 line pairs along with optical diffraction limited condition is 
simulated and the aberration with bias, defocus, Astigmatism and Coma in vertical are 
shown in Fig. 4(a)-4(d). The first row in Fig. 4 indicates the spatial distribution of 
wavefront aberration and the second row are the PSF of each aberration. Then, 
visualized optical diffraction limited images are showed in the third row of Fig. 4. The 
final row shows the cross-sectional profiles of the spoken target at 2 line pairs/μm. In 
Fig. 4(b), the defocus aberration generates reversal contrast on the spoken target, and 
the vertical astigmatism in Fig. 4(c) generates asymmetric lateral resolution on 
horizontal and vertical direction, while the vertical coma generates vertical shift on the 
resultant image as shown in Fig. 4(d). 
Bias Defocus Vertical Astig Vertical Coma 
        
         
    
    
     (a)       (b)       (c)      (d) 
Figure 4. The 1st row to the 4th row are spatial distribution of wavefront aberration, PSF of each wave 
aberration, visualized optical diffraction limited image and cross section profile of the spoken target (black 
line indicated the ideal imaging profile, and the red line indicated aberration affected imaging profile at 2 
line pairs/μm) respectively for (a) bias, (b) defocus, (c) vertical astigmatism and (d) vertical coma. 
3. Experiments and Analysis 
3.1 Compact SLM-based beam steering architecture 
At first, phase Fresnel lens CGHs are designed and displayed on the LCoS device. A 532 
nm DPSS laser is condensed and then collimated to provide uniform incident beam on 
the LCoS. Before the LCoS device, a circular aperture is placed, and after the LCoS, a 
complementary metal-oxide-semiconductor (CMOS) image sensor is used to capture the 
holographic reconstructed PSF at the distance corresponding to the focal length. Phase 
Fresnel lens CGHs with different focal lengths have been generated to investigate the 
relationship between focal length and spot quality. The LCoS device in use is a phase 
only SLM with pixel size of 6.4 μm and pixel numbers of 1920×1080. The diameter of the 
circular aperture in our system is 4.26 mm. The scanning spots at different focal lengths 
from 100 mm to 400 mm have been analyzed, the focused PSFs are captured and shown 
in Fig. 5. The PSFs generated by the phase Fresnel lens stay in good profiles, and as the 
focal length increases, the size of the PSF increases as well. 
 
Figure 5. Experimentally recorded intensities of circular aperture and the focused PSFs with respect to 
different focal lengths of the Fresnel lens profile projected on the phase-only LCoS device. 
The analysis of the PSF size and the intensity distribution are shown in Fig. 6. We can see 
that as the focal length increases, the PSF size increases as well, which follows a linear 
trend. The PSF size is 20.7 μm at 100 mm and 45.58 μm at 400 mm. The experimental 
PSF size is larger than the theoretical value, and the different between them decreases 
as the focal length increases. This is due to the phase Fresnel lens, the phase changes 
more rapidly at the edge than at the center. However, the LCoS device has a fixed pixel 
size, so that it cannot sufficiently represent the rapid phase change at the edge of the 
phase Fresnel lens. This phenomenon is more dominant when we use a phase Fresnel 
lens with short focal length. Although the phase Fresnel lens comparably performs 
worse at short focal length, we can still see that the minimum PSF size is obtained at the 
shortest focal length.  
 
Figure 6. The full waist at half maximum (FWHM) of the spots at different focal lengths. 
Once the relationship between the focal length and the PSF size is obtained, the focal 
length of the Fresnel lens is fixed as 200 mm for the remaining experiment.  To laterally 
shift the PSFs, blaze gratings with different pitches have been applied onto the phase 
Fresnel lens. The laterally shifted PSFs are recorded and shown in Fig. 7. Each shift order 
represents an angle shift of 0.73o, at the focal length of 200 mm, each lateral shift 
equals 1.28mm. Therefore, in the experiment, ± 7 lateral shift order stands for ± 5.11o or 
lateral shift of 8.96mm, which can support illumination angle up to ± 65o. Theoretically, 
for the LCoS device we use, the lateral shift can be up to ± 9.53o. From the results in Fig. 
7, we can see that the lateral shifted scanning spots can still maintain good profiles even 
at large angles. However, due to the insufficient representation of the blaze grating, the 
diffraction efficiency drops at large angles, which we can directly tell from the intensity 
drop of the higher orders, but the intensity variation doesn’t affect the reconstruction 
process of the recorded hologram after normalization. Note that as we shift the 
targeted spot to higher angle, vague spots appear in the corner of the main spot, which 
is due to the double reflection on the ITO glass of the LCoS device. However, the 
intensity of the vague spots are much lower than the targeted main spot, hence it has 
very limited impact on the holographic recording process.  
 
Figure 7. Laterally shifted scanning PSF s at the focal length of 200 mm. The shift angle discrepancy is 
0.73°. 
3.2 SLM-based aberration-compensated SA-DHM 
In order to perform the aberation correction with the compact SLM-based beam 
steering SA-DHM, few calibration steps must be followed as shown in Fig. 8. For the 
wavefront aberration compensation process, different angles of plane wave illumination 
are experimentally recorded and then mapped with the Zernike polynomials aberration 
model to generate a conjugation wavefront. The conjugation wavefront is then sent to 
the phase modulation of LCoS device to iteratively compensate the aberration. The 
calibrated measurement procedure steps are briefly shown in Fig. 8. 
The example of the ideal CGH and the aberration compensated CGH mentioned in step 
1 and step 5 of the Fig. 8 are shown in Fig. 9(a) and 9(b) respectively. The sectional 
profiles  
 
Figure 8. Calibration measurement procedure showing the steps to be followed to achieve the wavefront 
aberration-compensated imaging. 
 
Figure 9. Designed CGH (a) ideal case, (b) for aberration correction; (c) and (d) are the corresponding 
sectional profiles in ROI of (a) and (b), respectively. The difference between (c) and (d) is the influence of 
aberrations in the CGH were shown in (e).  
of the dashed region of interest (ROI) of Fig 9(a) and 9(b) are shown in 9(c) and 9(d) 
respectively. The difference in the sectional profile are shown in Fig 9(e), which is due to 
the aberration influence in the CGH. 
The experimental setup of the compact SLM-based beam steering with aberration-
compensated SA-DHM are shown in Fig. 10, which adapts modified Mach-Zehnder 
interferometric architecture with phase-only SLM. A pair of 4-f telescopic imaging 
systems are used to illuminate and detect the object wave, in which the SLM is applied 
to substitute the rear lens in the systems. The first steering based illumination telescopic 
imaging lens (SLM-MO1; f1=200 mm, MO1: NA=0.9, 100×) is used to condense the plane 
wave to illuminate the sample. The resultant object wave affected by the aberration is 
collected by the detection 4-f telescopic imaging lens (f2=200 mm, MO2: NA=0.9, 100×) 
in the intermediate image plane. The object wave is then interfered with the reference 
wave to generate a digital hologram on the CMOS image sensor. The accurate 
aberration implication and its correction are implemented and studied for two different 
cases such as without oil immersed microscope objective lens (case-1) and with oil 
immersed microscope objective lens (case-2) as shown in Fig. 10 (ii)-(a) and (ii)-(b), 
respectively. 
For the aberration compensation process, the plane wave illumination at different 
scanning angle are experimentally recorded and then mapped with the Zernike 
polynomials aberration model to generate a conjugation wavefront. The conjugated 
wavefront is then sent to the SLM to iteratively compensate the aberration. The 
following sections will describe the experimental validation and analysis. 
 
Figure 10. (i) Experimental schematic of compact beam steering with wavefront aberration compensated 




3.3 Experimental results and analysis 
3.3.1 Aberration compensation validation 
To validate the proposed technique, the influence of aberration on the PSFs and 
reconstructed images are tested. For the accurate aberration compensation, two 
different cases without oil immersion microscope objective lens (case-1) and with oil 
immersed objective lens (case-2) are shown in Fig. 10 (ii)(a) and (ii)-(b) respectively.  For 
both case-1 and case-2, the normal incident (0o) and the inclined incident (65o) with and 
without aberration compensation (AC) are shown in Fig. 11(i):(a)-(d) and 11(ii):(a)-(d) 
respectively. The results in both case-1 and case-2 show a good agreement with the 
accurate aberration compensation. Further a quantitative analysis is conducted and the 
cross-sectional profiles along x-axis and y-axis for case-1 and case-2 are shown in Figures 
11(i):(e)-(h) and 11(ii):(e)-(h) respectively. The results in Fig. 11 show that the phase 
distributions after aberration compensation at normal incident and inclined incident 
conditions can perform acceptable phase sensitivity on the reconstruction images. 
Figure 11. Reconstructed phase results: normal and inclined incidents correspond to without and with 
aberration compensation of two cases with its cross-sectional profiles along x- and y- axis. 
3.3.2. Isotropic resolution enhancement 
In a conventional coherent imaging system, the theoretical resolution with normal 
aperture is approximately 455 nm for the wavelength of 532 nm. This can be improved 
by SA method, SA-DHM can be resolved down to 227 nm (0.77λ/2NA). In the proposed 
compact beam steering with aberration-compensated SA-DHM system, a standard 
spoken target having the minimal line width down to 150 nm (300 nm/pair) is used as 
sample for the validation. The experimental results of the reconstructed images of the 
spoken target corresponding to case-1 and case-2 are shown in Fig. 12. For case-1 
without oil immersed microscopic objective lens, the result for normal incident is shown 
in Fig. 12(i):(a), SA result without AC is shown in Fig. 12(i):(b) and SA result with AC is 
shown in Fig. 12(i):(c). Their cross-sectional profiles of circle marked ROI are shown in 
Fig. 12(i):(d), which shows that SA result with AC can resolve some high frequency 
region of 150 nm but the sectional profile is not evenly distributed, which might be due 
to the perturbations created by the surrounding environment.   
 
Figure 12. Experimental results: reconstructed image of the spoken target under without and with oil 
immersed microscope objective lens. The ROIs in the reconstructed images as marked by circled lines (a) 
normal aperture without aberration compensation, (b) synthetic aperture without aberration 
compensation in all directions, and (c) synthetic aperture with aberration compensation in all directions. 
(d) Comparison of the cross-sectional profiles of the line pairs amplitudes along the respected ROIs. 
For case-2 with oil immersed microscopic objective lens, the results are shown in a 
similar manner, and we can see that SA with AC can resolve high frequency region of 
150 nm with good contrast. For more quantitative analysis of the isotropic resolution 
enhancement, the spatial frequency and the polar plot response of the spoken target 
corresponding to case-1 and case-2 are studied and the results are shown in Fig. 13. 
From the reconstructed spoken target results, the linearity behavior is analyzed for the 
two cases without AC and with AC, which are shown in Fig. 13(a) and 13(b) respectively. 
Even though both the cases show improvement after AC in Fig. 13(b), but case-2 results 
show good linearity response compared to case-1.   
 
Figure 13. Spatial frequency and isotropically resolved profile analysis of experimentally reconstructed 
images of the spoken target. The SAs with and without aberration compensation have been divided into 
eight different segments with different spatial frequency in the reconstructed images. The amplitude 
contrasts of different segments for the two cases of SA applied without aberration compensation (a), and 
with aberration compensation are shown in (a) and (b) respectively. Similarly, polar plot analysis of both 
cases without AC and with AC are shown in (c) & (d) respectively. 
 
Finally, the polar plot of each segment in the spoken target corresponding to the two 
cases are analyzed and plotted in Fig. 13(c) and 13(d) respectively. The AC results of 
case-1 show an improved profile but struggle to resolve the sample profile in isotropic 
manner. On the other side, case-2 results after aberration correction show an 
isotropically enhanced resolvable profile throughout the sample as shown in Fig. 14(d). 
The results show that accurate aberration correction will benefit both the cases. 
4. Conclusions 
This study has proposed and experimentally demonstrated a mechanical movement-
free SLM-based compact beam steering technique with active aberration compensation 
for synthetic aperture digital holographic microscope. The optimization of the proposed 
compact beam steering system shows a good image quality, which has the potential to 
replace the traditional mechanical scanning mechanism with three significant 
advantages: free from mechanical noise, uniform illumination with aberration-
compensated scanning at different angles and more compact setup for system 
operation.  An extensive analysis has been carried out on the aberration implications for 
cases without oil immersion and with oil immersed objective lens with the potential 
usage of the accurate aberration compensation technique. A spoke target has been 
used as a sample and the results show that the system has the capability of isotropic 
resolution enhancement in resolving 150 nm line width for the wavelength of 532 nm. It 
is clear that the demonstrated method has the potential to be implemented in the real 
systems [40] for high-quality aberration-free 2D/3D imaging of bio-samples at its native 
culture level in everyday applications.  
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